Geometrical tools, used in Einstein's general relativity (GR), are applied to dynamo theory, in order to obtain fast dynamo action bounds to magnetic energy, from Killing symmetries in Ricci flows. Magnetic field is shown to be the shear flow tensor eigendirection, in the case of marginal dynamos.
I Introduction
In analogy to Chiconne, Latushkin and Montgomery-Schmidt [1] , on the fast dynamo operator in Riemannian manifolds, a new fast dynamo operator is defined on Ricci flows. [2] . Dynamo fast action is obtained when the real part of the magnetic growth rate is positive. Recently, M Nuñez [3] Ricca [4] [5, 6] [9] . More recently [10] 
The magnetic field growth rate is computed in terms of eigenvalues of the Ricci tensor in Einstein spaces

has developed a method of obtaining dynamo action in Sobolev spaces by considering that the using a number of functional inequalities, to estimate the rate of increase of magnetic energy in terms of plasma resistivity and different norms of plasma velocity strain. In this paper techniques of Einstein gravity (GR) as the ones recently applied to vortex filaments by
II Fast dynamo operator in Ricci flows
This section presents the Riemann metric given by the Ricci flow [12] given in mathematical terms by Definition II.1:
where here, g is the Riemann metric, over manifold M, and the parameter t in g(t), is
the expression (II.1) can be expressed as [15] 
where Ric, is the Ricci tensor, whose components R ij . From this expression, one defines the eigenvalue problem as
where 
3). Substitution of the Ricci flow equation (II.2) into this eigenvalue expression and cancelling the eigendirection χ i on both sides of the equation yields
∂g ij ∂t = −2λg ij (II.4)
Solution of this equation yields the Lyapunov expression for the metric
In the remaining of the paper the Lyapunov eigenvalues shall play an important role in the determination of the bounds of magnetic energy as a global dynamo action bound.
As an important step in this direction, let us consider the chaotic magnetic kinematic dynamo with zero plasma resistivity
where B is the magnetic field vector, and v is the flow velocity. In general curvilinear coordinates x i ∈ U i in the subchart U i of the manifold, in the rotating frame reference of the flow e i , this equation may be written as
where
From the evolution of the reference frame
and the Ricci rotation coefficient
where ω ij and Γ ki j are respectively the vorticity and the Ricci rotation coefficients, one is able to expand expression (II.8) as
Substitution of this expression into the self-induction equation (II.12) yields
dB i dt = B p [∂ p (g il )v l + g il [(Ω pl − ω pl ) + σ pl − 1 3 θg lk ]] (II.15)
This equation can be simplified if one assumes that the flow has a rigid rotation, or that the vorticity of the flow coincides with the vorticity of the frame or
Ω pl = ω pl (II.16)
This choice reduces the self-induction equation to
This expression allows us to obtain the growth rate γ defined as
After substituting expression (II.18) into (II.17), a simple algebra yields
Note that vorticity, or twist, still survives. Here σ, Ω and θ are the shear (fold), vorticity (twist) [13] and expansion or compression (stretching) eigenvalues of the respective tensors and scalar as
Thus one notices that the fast operator can be defined from these expressions as:
The fast dynamo operator of the Ricci flow is given by 
III Ricci flows bounds to dynamo action
In this section one shall use the last self-induction equation, to compute the magnetic energy ǫ as
which expressed in terms of the 3D Riemann metric components reads 
Expansion of the RHS of this expression shows clearly now where the Ricci flow eigenvalue effect is going to appear. This long computation, reduces the energy integral to
Note therefore that the vanishing of the integrand yields a marginal dynamo [16] . Another interesting aspect of future work maybe the investigation of anti-dynamo theorems in Ricci plasma flows [17] .
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